In this paper we describe a further unrelated case with a balanced translocation between chromosomes 6 and 9 which again involves a breakpoint at 6p24. This subject, whose karyotype was interpreted as 46,XX,t(6;9) (p24;p23), has multiple congenital abnormalities including OFC. Since the 9p23 region has been implicated in the 9p deletion syndrome,4 we have characterised both the 6p and 9p breakpoints by FISH using clones from contigs mapped to the two regions.
Human chromosome 6p has been implicated in the aetiology of orofacial clefting (OFC) by both linkage analysis' and by the coincidence of OFC with chromosomal abnormalities involving chromosome 6p.2 In the most recent of these reports, we described two unrelated cases who presented with multiple congenital abnormalities including OFC, which were coincident with balanced translocations involving breakpoints within 6p24. These breakpoints were investigated by fluorescence in situ hybridisation (FISH) and were found to be within a region of the chromosome which was well characterised using YAC contig data, FISH mapping, and hybrid mapping data and were shown to be within 1 Mb of each other between markers D6S410 and D6S470.
In this paper we describe a further unrelated case with a balanced translocation between chromosomes 6 and 9 which again involves a breakpoint at 6p24. This subject, whose karyotype was interpreted as 46,XX,t(6;9) (p24;p23), has multiple congenital abnormalities including OFC. Since the 9p23 region has been implicated in the 9p deletion syndrome,4 we have characterised both the 6p and 9p breakpoints by FISH using clones from contigs mapped to the two regions.
Case report
The proband, a 7 month old girl, was the third child of a healthy, non-consanguineous couple aged 30 (mother) and 34 (father) years. The mother had a history of spontaneous abortion at 5 months' gestation, but both of the couple's previous children were healthy and phenotypically normal. The proband was born at term by normal delivery and with a birth weight of 3088 g; at 20 days she was diagnosed as having pyloric stenosis because of frequent vomiting after feeding and she subsequently underwent an operation. She was referred at 2 months of age because of poor suckling, poor weight gain, and a number of minor anomalies which were noted as follows: frontal bossing, hypertelorism, antimongoloid slant, bilateral ptosis, flat nasal bridge, hypoplastic nasal alae, protruding upper lip, microretrognathia, cleft palate, bilateral low set and posteriorly rotated ears, bilateral microtia, narrow ear canals, and short neck (fig 1) . Radiographic examination showed a hypoplastic mandible. Her growth was significantly retarded and her mental development was severely delayed.
Chromosome analysis of the proband showed an apparently balanced reciprocal translocation between chromosomes 6 and 9, whereas the karyotype of each of her parents was normal. Therefore, her karyotype was 46,XX,t(6;9)(p24;p23) de novo. . 938d8 is present on chromosome 6, der(6), and der(9), whereas 808a10 is present only on 6 and der (9) . Therefore, 938d8 crosses the translocation breakpoint and 808a10 lies distal to the breakpoint. (B) FISH using YACs 912e9 (red) and 783hlO (green). Both YACs are located on chromosomes 9 and der(6) indicating that they are located distal to the chromosome 9 breakpoint. A marker probe (Imagenetics, red) was usedfor the unambigious identification of chromosome 9.
within 6p24.2 in that order from the telomere to the centromere (Stephens et al, manuscript in preparation). In particular, the cosmids 
Results

MAPPING OF THE TRANSLOCATION BREAKPOINT ON 6p
The translocation breakpoint in 6p24 was determined by using a selection of probes covering 6p23-pter and FISH. Thus all clones mapping to 6p24.3 and 6p25 were present on the derivative 9 chromosome, while probes located within 6p24.2 to 6p23 were present on the derivative 6 (table 1, fig 2A) . Signals from the overlapping YACs 886cl and 938d8 were found on both derivative chromosomes indicating that the breakpoint is located within the segment of overlap of these clones (table 1, fig  2A, fig 3) .
Further fine localisation was performed by using bacterial clones that had previously been mapped along YAC clone 886cl (Stephens et al, manuscript in preparation). Eight cosmids and one PAC clone containing the marker D6S470 were used (fig 3) . The 1600 kb long YAC clone 886cl can be subdivided into two intervals: the distal 800 kb that contains YAC clone 808alO and the two translocation breakpoints reported in Davies et af and the proximal 800 kb interval that overlaps with the YAC 938d8 (fig 3) . This latter region contains the markers D6S470 and AP-2. All cosmids derived from the distal 800 kb interval were present on the derivative 9 chromosome, while the probes covering the proximal interval were found on the derivative 6 (table 1, fig 3) . The breakpoint was localised between cosmids G10.5 and PAC 242F16, centromeric of the two previously reported breakpoints at an approximate distance of 50-500 kb from the nearest breakpoint. Therefore all three breakpoints are contained within an 800 kb interval on YAC 886cl (fig 3) .
MAPPING OF THE TRANSLOCATION BREAKPOINT ON 9p
Since the chromosome 9 breakpoint was determined cytogenetically to lie at 9p23, YAC clones reported to contain markers localised in the 9p23-p22 interval were used to confirm the position of the breakpoint and investigate its position compared to 9p23 deletion breakpoints.8 Ten clones were used containing markers mapped at a genetic distance of 17 cM to 42 cM from the telomere of 9p (table 1, fig  2B, fig 3) . Of these, five clones containing markers at 17 cM (D9S286) to 30 cM (D9S 156) were present on the derivative chromosome 6, while the YAC clones containing markers at 32 cM (D9S157) to 42 cM (D9S171) were located on the derivative 9. These data assign the breakpoint to a position between 30 and 32 cM from the telomere on chromosome 9p, within the 9p23-p22 region (fig 3) . The 9p breakpoint maps in the region between D9S156 and D9S157 in 9p23-p22, which is part of a segment with a high incidence of breakpoints. Although the patient does not have the typical characteristics of the 9p deletion syndrome, such as trigonocephaly, midface hypoplasia, upward slanting palpebral fissures, long philtrum, and mental retardation, she does share the latter and other unspecific 9p deletion findings like short nasal alae, narrow ear canals, and low set, posteriorly rotated ears. Therefore it is conceivable that genes (or a gene) on 9p are disrupted by the translocation and contribute(s) to the complexity of the phenotype.
An additional interesting aspect of the 6;9 translocation is that both breakpoints are located within regions that are frequently involved in translocations or deletions of the respective chromosome.2 8 
